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(57)  [Problem] To provide a membrane catalyst layer
assembly production method capable of producing a
membrane catalyst layer assembly having a catalyst lay-
er of desired porosity.

[Solution] The amount of solvent in a catalyst ink
140A in drop form is adjusted prior to impact with an
electrolyte membrane 110, thereby controlling the poros-
ity of a catalyst ink layer 140B formed by the catalyst ink
making impact with the electrolyte membrane.
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Description
Technical Field

[0001] The present invention relates to a membrane
catalyst layer assembly production method, a membrane
catalyst layer assembly production device, and a mem-
brane catalyst layer assembly.

Background Art

[0002] In recent years, fuel cells have attracted atten-
tion as a power source with low environmental impact. A
fuel cell is a clean power generation system in which the
product of the electrode reaction is water in principle,
having almost no adverse effect on the global environ-
ment. In particular, since it is possible to be operated at
relatively low temperatures, polymer electrolyte fuel cells
(PEFC) are anticipated as a power source for electric
vehicles.

[0003] A polymer electrolyte fuel cell comprises a
membrane catalyst layer assembly (CCM: Catalyst Coat-
ed Membrane) in which a catalyst layer is formed on an
electrolyte membrane. A membrane electrode assembly
(MEA: membrane electrode assembly) is configured by
further comprising a gas diffusion layer in the membrane
catalyst layer assembly.

[0004] In general, a method in which a catalyst layer
is formed on an electrolyte membrane by coating catalyst
ink containing a solid component and then drying the
catalyst ink, is known as a method of manufacturing a
membrane catalyst layer assembly.

[0005] The catalyst layer formed on the electrolyte
membrane comprises a cathode side catalyst layer and
an anode side catalyst layer. The cathode side catalyst
layer is a catalyst layer in which a reductive reaction of
oxygen progresses, and the anode side catalyst layer is
acatalystlayerin which an oxidation reaction of hydrogen
progresses.

[0006] In order to smoothly and continuously carry out
the reductive reaction of oxygen that progresses in the
cathode side catalyst layer, it is necessary to promptly
eliminate water that is generated and to continuously
supply oxygen gas.

[0007] In addition, in order to smoothly and continu-
ously carry out the oxidation reaction of hydrogen that
progresses in the anode side catalyst layer, it is neces-
sary to continuously supply water and fuel gas for causing
the generated hydrogen ions to smoothly diffuse in the
electrolyte membrane by hydration.

[0008] From the foregoing, in order to smoothly carry
out the reactions described above, it is required that a
catalyst layer having the desired porosity be formed for
the purpose of smoothly carrying out the supply of oxygen
gas and fuel gas, and the supply and discharge of water.
[0009] In relation thereto, Patent Document 1 de-
scribed below discloses a method in which a catalyst ink
is prepared using a pore-forming agent, the catalyst ink
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is printed on an electrolyte membrane, and the pore-
forming agent is eluted, to thereby produce an assembly
of the electrode and the electrolyte membrane. Since
pores that communicate in a three-dimensional manner
are formed by a pore-forming agent having a three-di-
mensional structure according to the joined body pro-
duced by this production method, gas permeability is pro-
vided thereto.

[0010] Inaddition, Patent Document 2 described below
discloses a method of laminating a catalyst layer by re-
peatedly executing the inkjet method on an electrolyte
layer. Since catalyst layer voids are formed in locations
where the catalyst layer is not formed according to this
lamination method, it is possible to provide a membrane
catalyst layer assembly having gas permeability.

Prior Art Documents
Patent Documents
[0011]

Patent Document 1: Japanese Laid-Open Patent
Application No. Hei 10[1998]-189005

Patent Document 2: Japanese Laid-Open Patent
Application No. 2007-179792

Summary of the Invention
Problem to be Solved by the Invention

[0012] In the production method disclosed in Patent
Document 1, the distribution of pores formed inside the
electrode depends on the distribution of the pore-forming
agent. However, since it is difficult to adjust the distribu-
tion of the pore-forming agent so as to achieve the de-
sired distribution, it is difficult to form a catalyst layer hav-
ing the desired porosity on the electrolyte membrane.
[0013] In addition, in the method disclosed in Patent
Document 2, a catalyst layer is formed by repeatedly ex-
ecuting the inkjet method, and catalyst layer voids
through which gas is permeated are formed in locations
where the catalyst layer is not formed. In this method, it
is difficult for the catalyst layer itself to have the desired
porosity.

[0014] The present invention was made to solve the
problems described above. Therefore, an object of the
present invention is to provide a method of producing a
membrane catalyst layer assembly and a device for pro-
ducing the membrane catalystlayer assembly, which are
capable of producing a membrane catalyst layer assem-
bly comprising a catalyst layer having the desired poros-
ity.

[0015] Anotherobjectof the presentinvention is to pro-
vide a membrane catalyst layer assembly comprising a
catalyst layer having different desired porosities in the
lamination direction.
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Means of Achieving the Object

[0016] The membrane catalystlayer assembly produc-
tion method according to the present invention which
achieves the objects described above is a membrane
catalyst layer assembly production method for producing
a membrane catalyst layer assembly by discharging cat-
alyst ink comprising a solvent and a solid component
onto an electrolyte membrane. In the membrane catalyst
layer assembly production method, a porosity of the cat-
alyst ink layer that is formed by the catalyst ink making
impact with the electrolyte membrane is controlled by
adjusting the amount of solvent in the catalyst ink in drop
form prior to impact with the electrolyte membrane.
[0017] In addition, the membrane catalyst layer as-
sembly production device according to the present in-
vention which achieves the objects described above is a
membrane catalyst layer assembly production device for
producing a membrane catalyst layer assembly by dis-
charging a catalyst ink comprising a solvent and a solid
component onto an electrolyte membrane. The produc-
tion device comprises an adjustment unit that controls
the porosity of a catalyst ink layer that is formed by the
catalyst ink making impact with the electrolyte mem-
brane, by adjusting the amount of solvent in the catalyst
ink in drop form prior to impact with the electrolyte mem-
brane.

[0018] In addition, the membrane catalyst layer as-
sembly according to the present invention which
achieves the objects described above is a membrane
catalyst layer assembly in which a cathode side catalyst
layer is formed on one surface of an electrolyte mem-
brane for a fuel cell, and an anode side catalyst layer is
formed on the other surface of the electrolyte membrane.
At least one catalyst layer from among the cathode side
catalyst layer and the anode side catalyst layer is formed
by laminating a plurality of layers having mutually differ-
ent porosities.

Effects of the Invention

[0019] Accordingto the method and device for produc-
ing a membrane catalyst layer assembly described
above, the amount of solvent in the catalyst ink prior to
impact with the electrolyte membrane is adjusted. If the
amount of solvent in the catalyst ink prior to impact with
the electrolyte membrane is adjusted to be relatively
large, the volume of the catalyst ink in drop form at the
time of impact becomes relatively large. As a result, ad-
jacentdroplets of the catalystink are bound to each other,
and the voids between adjacent droplets of the catalyst
ink become relatively small. Therefore, the porosity of
the catalyst ink layer formed by droplets of the catalyst
ink making impact with the electrolyte membrane be-
comes relatively low. Accordingly, the porosity of the cat-
alyst layer, formed by the catalyst ink layer being dried,
can be made relatively low. On the other hand, if the
amount of solvent in the catalyst ink prior to impact with
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the electrolyte membrane is adjusted to be relatively
small, the volume of the droplets of the catalyst ink at the
time of impact becomes relatively small. As a result, ad-
jacent droplets of the catalyst ink are not bound to each
other, and the voids between droplets of the catalyst ink
become relatively large. Therefore, the porosity of the
catalyst ink layer formed by droplets of the catalyst ink
making impact with the electrolyte membrane becomes
relatively high. Accordingly, the porosity of the catalyst
layer, formed by the catalyst ink layer being dried, can
be made relatively high. As described above, itis possible
to appropriately set the porosity of the catalyst layer to
the desired porosity by adjusting the amount of solvent
inthe catalystink prior toimpact with the electrolyte mem-
brane. Therefore, it is possible to provide a method of
producing a membrane catalyst layer assembly and a
device for producing the membrane catalyst layer as-
sembly which are capable of forming a catalyst layer hav-
ing the desired porosity.

[0020] In addition, according to the membrane catalyst
layer assembly described above, itis possible to provide
a membrane catalyst layer assembly comprising a cata-
lyst layer having different desired porosities in the lami-
nation direction.

Brief Description of the Drawings
[0021]

[Figure 1] is a schematic view illustrating the mem-
brane catalyst layer assembly production device ac-
cording to a first embodiment.

[Figure 2] is a view illustrating a concentration ad-
justment unit according to the first embodiment.
[Figure 3] is a flowchart illustrating the membrane
catalyst layer assembly production method accord-
ing to the first embodiment.

[Figure 4] is a flowchart illustrating Step S02 of the
membrane catalyst layer assembly production meth-
od.

[Figure 5] is a graph illustrating one example of a
pore size profile in the catalyst ink layer.

[Figure 6] Figure 6(A) is a schematic view illustrating
the catalyst ink layer when the porosity is low, and
Figure 6(B) is an SEM micrograph illustrating the cat-
alyst layer when the porosity is low.

[Figure 7] Figure 7(A) is a schematic view illustrating
the catalyst ink layer when the porosity is high, and
Figure 7(B) is an SEM micrograph illustrating the cat-
alyst layer when the porosity is high.

[Figure 8] is a view illustrating a concentration ad-
justment unit according to Modified Example 1.
[Figure 9] is a view illustrating a concentration ad-
justment unit according to Modified Example 2 as
viewed from the dripping direction of the catalyst ink.
[Figure 10] is a cross-sectional view along line 10-10
in Figure 9.

[Figure 11] is a view for explaining the effect of the
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concentration adjustment unit according to Modified
Example 2.

[Figure 12] is a view illustrating a concentration ad-
justment unit according to Modified Example 3.
[Figure 13] is a view illustrating a modified example
of the concentration adjustment unit according to
Modified Example 3.

[Figure 14] is a view for explaining the effect of the
concentration adjustment unit according to Modified
Example 3.

[Figure 15] is a schematic view illustrating the mem-
brane catalyst layer assembly according to the sec-
ond embodiment.

[Figure 16] is a graph illustrating the relationship be-
tween the porosity and the thickness of the cathode
side catalyst layer.

[Figure 17] is a graph illustrating the relationship be-
tween the solid content concentration and the thick-
ness of the cathode side catalyst layer.

[Figure 18] is a schematic view illustrating the mem-
brane catalyst layer assembly production device ac-
cording to the second embodiment.

[Figure 19] is a flowchart illustrating the membrane
catalyst layer assembly production method accord-
ing to the second embodiment.

[Figure 20] is a flowchart illustrating Step S12.

Embodiments to Carry Out the Invention

[0022] Embodiments of the present invention will be
explained below, with reference to the appended draw-
ings. In the explanations of the drawings, the same ele-
ments have been assigned the same reference symbols,
and redundant explanations have been omitted. Dimen-
sional ratios of the drawings are exaggerated for the sake
of clarity of the explanation and may differ from the actual
ratio.

«First Embodiment»

[0023] First, the membrane catalyst layer assembly
production device 1 and production method according to
the first embodiment will be described. Figure 1 is a sche-
matic view illustrating the membrane catalyst layer as-
sembly production device 1 according to the first embod-
iment. Figure 2 is a view illustrating a concentration ad-
justment unit 50 according to the first embodiment. In the
following description, there are cases in which the anode
side catalyst layer and the cathode side catalyst layer
are collectively referred to as the catalyst layer.

[0024] First, the membrane catalyst layer assembly
production device 1 according to the first embodiment
will be described with reference to Figures 1 and 2.
[0025] The membrane catalystlayer assembly produc-
tion device 1 comprises an ink tank 10 in which catalyst
ink 140A is stored and an ejection unit 20 that ejects the
catalystink 140A directed onto an electrolyte membrane
110 in dropwise fashion, as illustrated in Figure 1. In ad-
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dition, the membrane catalyst layer assembly production
device 1 comprises an adjustment unit 30 for adjusting
the amount of solvent in the catalyst ink 140A in drop
form prior to impact with the electrolyte membrane 110.
Additionally, the membrane catalyst layer assembly pro-
duction device 1 comprises a control unit 15 for control-
ling the various operations of the adjustment unit 30.
[0026] The catalyst ink 140A is stored in the ink tank
10. The composition of the catalyst ink 140A will be de-
scribed below.

[0027] The catalyst ink 140A contains a solvent, an
ionomer, and catalyst particles. In addition to the above,
the catalyst ink 140A may contain additives such as a
water-repellent agent, a dispersant, a thickener, a pore-
forming agent, and the like. The catalyst ink 140A is
stirred in the ink tank 10. In the following description, the
ratio of the mass of the ionomer and the catalyst particles
with respect to the total mass of the catalyst ink 140A is
defined as the "solid content concentration of the catalyst
ink."

[0028] The solvent may be water, such as tap water,
pure water, ion exchanged water, and distilled water, a
lower alcohol with a carbon number of 1-4, such as cy-
clohexanol, methanol, ethanol, n-propanol (n-propyl al-
cohol), isopropanol, n-butanol, sec-butanol, isobutanol,
and tert-butanol, propylene glycol, benzene, toluene, and
xylene, but is not limited thereto. Other than the forego-
ing, butyl acetate alcohol, dimethyl ether, ethylene glycol,
etc. may be used as the solvent. One type of these sol-
vents may be used alone, or two or more types may be
used in a mixed solution state.

[0029] Examples of the ionomer include a fluorine-
based polymer electrolyte material and a hydrocarbon-
based polymer electrolyte material, but are not limited
thereto. Examples of the fluorine-based polymer electro-
lyte material include perfluorocarbon sulfonic acid-based
polymers such as Nafion (registered trademark), Aciplex
(registered trademark), Flemion (registered trademark),
perfluorocarbon phosphonic acid-based polymers, trif-
luorostyrene sulfonic acid-based polymers, ethylene
tetrafluoroethylene-g-styrene sulfonic acid-based poly-
mers, ethylene tetrafluoroethylene copolymers, and pol-
yvinylidene fluoride perfluorocarbon sulfonic acid-based
polymers. Examples of the hydrocarbon-based polymer
electrolyte material include sulfonated polyether sulfone
(S-PES), sulfonated polyaryletherketone, sulfonated
polybenzimidazole alkyl, phosphonated polybenzimida-
zole alkyl, sulfonated polystyrene, sulfonated polyether
ether ketone (SPEEK), and sulfonated polyphenylene
(S-PP).

[0030] The catalyst particles comprise at least a sub-
stance having a catalytic action, and has, for example, a
catalyst metal having a catalytic action and a catalyst
carrier that supports the catalytic metal.

[0031] The catalytic metal is, for example, a platinum-
containing catalytic metal, but no limitation is imposed
thereby. Examples of the platinum-containing catalytic
metal include platinum (Pt) single particles, or a mixture
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of platinum particles and at least one type of another
metal particle selected from a group comprising ruthe-
nium (Ru), iridium (Ir), rhodium (Rh), palladium (Pd), os-
mium (Os), tungsten (W), lead (Pb), iron (Fe), chromium
(Cr), cobalt (Co), nickel (Ni), manganese (Mn), vanadium
(V), molybdenum (Mo), gallium (Ga), and aluminum (Al),
and an alloy of platinum and another metal.

[0032] The catalyst carrier, for example, has electron
conductivity, and is mainly composed of carbon. Exam-
ples of the catalyst carried include carbon particles com-
posed of carbon black (Ketjenblack, Oil Furnace Black,
Channel Black, Lamp Black, Thermal Black, Acetylene
Black, etc.), activated carbon, and the like, but no limita-
tion is imposed thereby.

[0033] The ejection unit 20 ejects the catalyst ink 140A
directed onto the electrolyte membrane 110. The ejection
unit 20 is, for example, an inkjet type nozzle.

[0034] The adjustment unit 30 controls the porosity of
a catalyst ink layer 140B that is formed by the catalyst
ink 140A making impact with the electrolyte membrane
110 by adjusting the amount of solvent in the catalyst ink
140A in drop form prior to impact with the electrolyte
membrane 110. Here, the catalyst ink layer 140B means
a layer formed when a plurality of droplets of the catalyst
ink 140A make impact with the electrolyte membrane
110. A catalyst layer 140 is formed by drying this catalyst
ink layer 140B and evaporating the solvent component.
In addition, the porosity of the catalyst ink layer 140B
means the ratio of the volume occupied by the voids with
respect to the total volume of the catalystink layer 140B.
[0035] The adjustment unit 30 includes a volume ad-
justment unit 40 for changing the droplet volume of the
catalystink 140A and a concentration adjustment unit 50
for changing the solid content concentration of the cata-
lyst ink 140A by drying the catalyst ink 140A while air-
borne.

[0036] The volume adjustment unit 40 adjusts the
amount of solvent in the catalyst ink 140A by adjusting
the frequency and the flow rate at the time of discharge
of the catalyst ink 140A to change the droplet volume of
the catalyst ink 140A.

[0037] The volume adjustment unit 40 comprises a
pump 41 that is capable of adjusting the flow rate at the
time of discharge of the catalyst ink 140A, an oscillator
42 that is capable of adjusting the frequency at the time
of discharge of the catalyst ink 140A, and an excitation
source 43. The oscillator 42 is fixed to the ejection unit
20, and the ejection unit 20 is vibrated at the same fre-
quency as the frequency of the oscillator 42 by an exci-
tation source 43 vibrating the oscillator 42. The mecha-
nism by which the catalyst ink 140A is discharged from
the ejection unit 20 in dropwise fashion will be described
below.

[0038] The catalyst ink 140A is injected from the ejec-
tion unit 20 by a predetermined pressure being applied
from the pump 41 to the ejection unit 20, and the catalyst
ink 140A is formed into a liquid column. Then, by the
excitation source 43 vibrating the oscillator 42, a con-
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striction and a break is generated in the catalyst ink 140A
that is formed into a liquid column, whereby the catalyst
ink 140A is formed into drops.

[0039] Next, the mechanism by which the volume of
the droplet of the catalyst ink 140A is adjusted by the
volume adjustment unit 40 will be described.

[0040] The wavelength immediately before a droplet
of the catalyst ink 140A discharged from the ejection unit
20 is formed shall be A, the flow rate at the time of dis-
charge of the catalyst ink 140A shall be V, and the fre-
quency at the time of discharge of the catalyst ink 140A
shall be f. The frequency f at the time of ejection of the
catalyst ink 140A is the same as the frequency f at which
the excitation source 43 vibrates the oscillator 42. At this
time, the wavelength A is proportional to the flow rate V
and inversely proportional to the frequency f. The droplet
volume of the catalyst ink 140A formed into drops in-
creases as the wavelength X increases, and the droplet
volume of the catalyst ink 140A decreases as the wave-
length A decreases. In addition, the flow rate V increases
as the pressure applied by the pump 41 to the ejection
unit 20 increases.

[0041] From the foregoing, the droplet volume of the
catalyst ink 140A increases as the pressure of the pump
41 is increased, and the frequency f at which the excita-
tion source 43 vibrates the oscillator 42 is decreased. On
the other hand, the droplet volume of the catalyst ink
140A decreases as the pressure of the pump 41 is de-
creased and the frequency f at which the excitation
source 43 vibrates the oscillator 42 is increased.

[0042] In addition, as described above, adjacent drop-
lets of the catalyst ink 140A are bound to each other, and
the voids between adjacent droplets of the catalyst ink
140A become relatively small, by adjusting the amount
of solvent in the catalyst ink 140A such that the droplet
volume of the catalyst ink 140A becomes relatively large.
Therefore, the porosity of the catalyst ink layer 140B
formed by droplets of the catalystink 140A making impact
with the electrolyte membrane 110 becomes relatively
low.

[0043] In addition, adjacent droplets of the catalyst ink
140A are not bound to each other, and the voids between
adjacent droplets of the catalyst ink 140A become rela-
tively large by adjusting the amount of solvent in the cat-
alystink 140A such thatthe droplet volume of the catalyst
ink 140A becomes relatively small. Therefore, the poros-
ity of the catalyst ink layer 140B formed by droplets of
the catalyst ink 140A making impact with the electrolyte
membrane 110 becomes relatively high.

[0044] The concentration adjustment unit 50 adjusts
the amount of solvent in the catalystink 140A by applying
heat to the catalyst ink 140A while airborne to dry the
catalyst ink 140A. The solid content concentration of the
catalyst ink 140A is thereby changed.

[0045] The concentration adjustment unit 50 compris-
es a drying promoting plate 51, a tank 52 in which water
is stored, a heater 53 that provides heat to the water in
the tank 52, and a supply pump 54 that supplies the water
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in the tank 52 in the drying promoting plate 51, as illus-
trated in Figure 2. In addition, the concentration adjust-
ment unit 50 comprises a thermometer 55 that measures
the temperature of the water upon returning to the tank
52 after circulating inside the drying promoting plate 51.
The operations of the heater 53 and the supply pump 54
are controlled by the control unit 15. In addition, the tem-
perature data of the water measured by the thermometer
55 are transmitted to the control unit 15.

[0046] The drying promoting plate 51 is disposed on
the outer perimeter of the dripping direction (vertical di-
rection in Figure 1) in which the catalyst ink 140A is
dripped dropwise, as illustrated in Figures 1 and 2.
[0047] Two plate members 512, 513 are disposed in-
side the drying promoting plate 51, as illustrated in Figure
2. The two plate members 512, 513 extend from mutually
opposing side surfaces, and are disposed to as to form
gaps at the forward advance limits in the extension di-
rection. The two plate members 512, 513 having such a
configuration are disposed inside the drying promoting
plate 51 to thereby form a circulation path 511 having a
predetermined distance and in which hot water can be
circulated inside the drying promoting plate 51 (refer to
the arrows in Figure 2).

[0048] Inaddition, the drying promoting plate 51 is pro-
vided with a hot water inlet 56 that supplies hot water
from the tank 52 to the circulation path 511 in the drying
promoting plate 51, and a hot water outlet 57 from which
the hot water that has circulated through the circulation
path 511 is discharged from the inside of the drying pro-
moting plate 51.

[0049] Accordingto a concentration adjustmentunit 50
configured in this manner, the hot water in the tank 52
heated by the heater 53 is supplied to the drying promot-
ing plate 51 by the supply pump 54 via the hot water inlet
56, and circulates through the circulation path 511. The
ambient temperature of the drying promoting plate 51 is
thereby raised, and the catalyst ink 140A is dried while
airborne. The hot water that has circulated through the
circulation path 511 is then returned to the tank 52 again
via the hot water outlet 57. The temperature of the hot
water when returning to the inside of the tank 52 is meas-
ured by the thermometer 55, and the control unit 15 con-
trols the temperature of the heater 53 based on the tem-
perature data.

[0050] Next, the mechanism by which the concentra-
tion adjustment unit 50 controls the porosity of the cata-
lystink layer 140B that is formed by the catalyst ink 140A
making impact with the electrolyte membrane 110, by
adjusting the amount of solvent in the catalyst ink 140A,
will be described.

[0051] In the concentration adjustment unit 50, a rela-
tively small amount of heat is applied to the catalyst ink
140A while airborne to thereby adjust the amount of sol-
vent in the catalyst ink 140A such that a decrease in the
amount of solvent in the airborne catalyst ink 140A is
suppressed. As a result, the volume of the droplets of
the catalyst ink 140A at the time of impact becomes rel-
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atively large. Therefore, adjacent droplets of the catalyst
ink 140A are bound to each other, and the voids between
adjacent droplets of the catalyst ink 140A become rela-
tively small. Therefore, the porosity of the catalyst ink
layer 140B formed by droplets of the catalyst ink 140A
making impact with the electrolyte membrane 110 be-
comes relatively low.

[0052] On the other hand, in the concentration adjust-
ment unit 50, a relatively large amount of heat is applied
to the catalyst ink 140A while airborne, to thereby adjust
the amount of solvent in the catalyst ink 140A such that
a decrease in the amount of solvent in the airborne cat-
alystink 140A is promoted. As a result, the volume of the
droplets of the catalyst ink 140A at the time of impact
becomes relatively small. Therefore, adjacent droplets
of the catalystink 140A are not bound to each other, and
the voids between adjacent droplets of the catalyst ink
140A become relatively large. Therefore, the porosity of
the catalyst ink layer 140B formed by droplets of the cat-
alyst ink 140A making impact with the electrolyte mem-
brane 110 becomes relatively high.

[0053] Next, the membrane catalyst layer assembly
production method will be described with reference to
Figures 3-5. Figure 3 is a flowchart illustrating the mem-
brane catalyst layer assembly production method ac-
cording to the first embodiment. Figure 4 is a flowchart
illustrating Step S02 of the membrane catalyst layer as-
sembly production method. Figure 5is a graphillustrating
one example of a pore size profile in the catalyst ink layer
140B.

[0054] First, catalyst ink 140A is produced (S01). The
method of producing the catalyst ink 140A is not partic-
ularly limited, as long as an electrode catalyst, an elec-
trolyte, a solvent, and, if needed, a water repellent poly-
mer and/or a thickener, are appropriately mixed therein.
For example, an electrolyte is added to a polar solvent,
and the mixed solution is heated and stirred to dissolve
the electrolyte in the polar solvent, after which an elec-
trode catalyst is added thereto, to produce the catalyst
ink 140A. Alternatively, an electrolyte is temporarily dis-
persed/suspended in a solvent, after which this disper-
sion/suspension liquid is mixed with an electrode cata-
lyst, to produce the catalyst ink 140A.

[0055] Next, the pressure of the pump 41 applied to
the ejection unit 20, the frequency f at the time of ejection
of the catalyst ink 140A, and the amount of heat supplied
by the concentration adjustment unit 50 to the catalyst
ink 140A while airborne, are determined (S02). Step 02
will be described in detail below with reference to Figure
4.

[0056] First, the porosity of the catalyst ink layer 140B
formed by the catalyst ink 140A making impact with the
electrolyte membrane 110 is determined (S021). The po-
rosity of the catalyst ink layer 140B is determined such
that the catalyst layer formed by drying has the desired
porosity.

[0057] Next, the pore size profile in the catalystink lay-
er 140B is determined from the porosity of the catalyst
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ink layer 140B determined in Step S021 (S022). Here,
the pore size is the representative diameter of the voids
in the catalyst ink layer 140B. For example, a profile in
which the peak pore size is 10 pum may be selected as
the pore size profile, as illustrated in Figure 5.

[0058] Next, the amount of supported platinum is de-
termined (S023). The amount of supported platinum is
determined in consideration of the catalyst activity.
[0059] Next,the pressure ofthe pump 41 is determined
(S024). Specifically, the pressure of the pump 41 is de-
termined such that the catalyst ink layer 140B has the
amount of supported platinum determined in Step S023.
The flow rate V of the catalyst ink 140A at the time of
ejection is determined according to the determined value
of the pressure of the pump 41.

[0060] Next, the frequency f at the time of ejection of
the catalyst ink 140A is determined (S025). Specifically,
the frequency f is determined such that the pore size
profile determined in Step S022 is realized.

[0061] Next,the amountofheatsuppliedtothe catalyst
ink 140A in the concentration adjustment unit 50 will be
described (S026) Specifically, the amount of heat is de-
termined such that the catalyst ink 140A when making
impact with the electrolyte membrane 110 has the de-
sired solid content concentration.

[0062] The pressure of the pump 41 applied tothe ejec-
tion unit 20, the frequency f at the time of ejection of the
catalyst ink 140A, and the amount of heat supplied by
the concentration adjustment unit 50 to the catalyst ink
140A are determined according to the steps S021-S026
described above.

[0063] Next, with reference again to Figure 3, the cat-
alyst ink 140A is discharged from the ejection unit 20
(S03). The catalyst ink 140A is discharged based on the
pressure of the pump 41 determined in Step S02 and the
frequency f at the time of discharge.

[0064] Next, the catalyst ink 140A is dried while air-
borne (S04). Specifically, hot water is circulated inside
the drying promoting plate 51 of the concentration ad-
justment unit 50 to raise the ambient temperature of the
drying promoting plate 51. The amount of heat deter-
mined in Step S02 is thereby applied to the catalyst ink
140A to dry the catalyst ink 140A. As a result, the solid
content concentration of the catalyst ink 140A is
changed.

[0065] Next, the catalyst ink 140A makes impact with
the electrolyte membrane 110 to form the catalyst ink
layer 140B (S05). As a result, a catalyst ink layer 140B
having the porosity determined in Step S021 is formed.
[0066] Next, the catalystink layer 140B is dried to form
the catalyst layer 140 (S06). The drying method is not
particularly limited.

[0067] The membrane catalyst layer assembly 100 is
produced by the steps described above.

[0068] Next, the configurations of the catalyst ink layer
140B prior to the start of Step S06 and of the catalyst
layer 140 at the end of Step S06 will be described with
reference to Figures 6 and 7. Figure 6(A) is a schematic
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view illustrating the catalyst ink layer 140B when the po-
rosity is low, and Figure 6(B) is an SEM micrograph il-
lustrating the catalyst layer 140 when the porosity is low.
Figure 7(A) is a schematic view illustrating the catalyst
ink layer 140B when the porosity is high, and Figure 7(B)
is an SEM micrograph illustrating the catalyst layer 140
when the porosity is high.

[0069] In the volume adjustment unit 40, the droplet
volume of the catalyst ink 140A becomes relatively large
by increasing the pressure of the pump 41 and decreas-
ing the frequency f of the oscillator 42. In addition, the
drying of the airborne catalyst ink 140A is suppressed by
reducing the relative amount of heat applied to the cat-
alystink 140A while airborne in the concentration adjust-
ment unit 50. When the amount of solvent in the catalyst
ink 140A is adjusted to be relatively large in this manner,
the porosity of the catalyst ink layer 140B becomes low,
as illustrated in Figure 6(A). Then, a membrane catalyst
layer assembly 100 comprising a catalyst layer 140 hav-
ing a low porosity is formed by drying the catalyst ink
layer 140B having a low porosity, as illustrated in Figure
6(B).

[0070] On the other hand, in the volume adjustment
unit 40, the droplet volume of the catalyst ink 140A be-
comes relatively small by decreasing the pressure of the
pump 41 and increasing the frequency f of the oscillator
42.n addition, the drying of the airborne catalystink 140A
is promoted by increasing the relative amount of heat
applied to the catalystink 140A while airborne in the con-
centration adjustment unit 50. When the amount of sol-
vent in the catalyst ink 140A is adjusted to be relatively
small in this manner, the porosity of the catalyst ink layer
140B becomes high, as illustrated in Figure 7(A). Then,
a membrane catalyst layer assembly 100 comprising a
catalyst layer 140 having a high porosity is formed by
drying the catalyst ink layer 140B having a high porosity,
as illustrated in Figure 7(B).

[0071] In this manner, it is possible to control the po-
rosity of the catalyst layer 140 and the catalyst ink layer
140B that is formed by the catalyst ink 140A making im-
pact with the electrolyte membrane 110 by adjusting the
amount of solvent in the catalyst ink 140A in drop form
prior to impact with the electrolyte membrane 110.
[0072] As described above, according to the method
and device 1 for producing a membrane catalyst layer
assembly 100 according to the first embodiment, the
amount of solvent in the catalyst ink 140A prior to impact
with the electrolyte membrane 110 is adjusted. If the
amount of solvent in the catalyst ink 140A prior to impact
with the electrolyte membrane 110 is adjusted to be rel-
atively large, the volume of the catalyst ink 140A in drop
form at the time of impact becomes relatively large. As
a result, adjacent droplets of the catalyst ink 140A are
bound to each other, and the voids between adjacent
droplets of the catalyst ink 140A become relatively small.
Therefore, the porosity of the catalyst ink layer 140B
formed by droplets of the catalystink 140A making impact
with the electrolyte membrane 110 becomes relatively
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low. Accordingly, the porosity of the catalyst layer 140,
formed by the catalyst ink layer 140B being dried, can
be made relatively low. On the other hand, if the amount
of solvent in the catalyst ink 140A prior to impact with the
electrolyte membrane 110 is adjusted to be relatively
small, the volume of the droplets of the catalyst ink 140A
atthe time ofimpactbecomes relatively small. As aresult,
adjacent droplets of the catalyst ink 140A are not bound
to each other, and the voids between adjacent droplets
of the catalyst ink 140A become relatively large. There-
fore, the porosity of the catalyst ink layer 140B formed
by droplets of the catalyst ink 140A making impact with
the electrolyte membrane 110 becomes relatively high.
Thus, the porosity of the catalyst layer 140, formed by
the catalyst ink layer 140B being dried, can be made
relatively high. As described above, it is possible to set
the porosity of the catalyst layer 140 appropriately to the
desired porosity by adjusting the amount of solventin the
catalystink 140A prior to impact with the electrolyte mem-
brane 110. Therefore, it is possible to provide a method
of producing a membrane catalyst layer assembly 100
and a device 1 for producing the membrane catalystlayer
assembly 100, which are capable of forming a catalyst
layer 140 having the desired porosity.

[0073] In addition, the solid content concentration of
the catalystink 140A is changed by adjusting the amount
of solvent in the catalyst ink 140A by drying the catalyst
ink 140A while airborne. Accordingly, itis possible to eas-
ily control the porosity of the catalyst ink layer 140B.
[0074] In addition, the catalyst ink 140A is dried by ap-
plying heat to the catalyst ink 140A while airborne. Ac-
cordingly, it is possible to more easily control the porosity
of the catalyst ink layer 140B.

[0075] Additionally, the catalystink 140A is discharged
by an inkjet method, and the droplet volume of the cata-
lystink 140A is changed by adjusting the frequency fand
the flow rate V at the time of discharge of the catalyst ink
140A. The amount of solvent in the catalyst ink 140A is
then adjusted by changing the droplet volume. It is there-
fore possible to more reliably control the porosity of the
catalyst ink layer 140B.

[0076] Modified examples 1-3 of the concentration ad-
justment unit 50 according to the first embodiment will
now be described.

<Modified Example 1>

[0077] The configuration of the concentration adjust-
ment unit 60 according to Modified Example 1 will be
described with reference to Figure 8. Figure 8 is a view
illustrating the concentration adjustment unit 60 accord-
ing to Modified Example 1.

[0078] The concentration adjustment unit60according
to Modified Example 1 dries the catalyst ink 140A by ap-
plying heat to the catalyst ink 140A while airborne in the
same manner as the concentration adjustment unit 50
according to the first embodiment. The amount of solvent
in the catalyst ink 140A is then adjusted and the porosity
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of the catalyst ink layer 140B is controlled by drying the
catalyst ink 140A.

[0079] The concentration adjustment unit 60 compris-
es a drying promoting plate 61, and a heater 62 and a
thermometer 63 disposed inside the drying promoting
plate 61, as illustrated in Figure 8.

[0080] The drying promoting plate 61 is disposed on
the outer perimeter of the dripping direction in which the
catalystink 140A is dripped dropwise in the same manner
as the drying promoting plate 51 according to the first
embodiment (refer to Figure 1).

[0081] According to the concentration adjustment unit
60 configured in this manner, the ambient temperature
of the drying promoting plate 61 is raised, and the air-
borne catalyst ink 140A is dried by the heater 62. The
temperature of the drying promoting plate 61 is measured
by the thermometer 63, and the control unit 15 controls
the temperature of the heater 62 based on these tem-
perature data.

<Modified Example 2>

[0082] The configuration of the concentration adjust-
ment unit 70 according to Modified Example 2 will be
described with reference to Figures 9-11. Figure 9 is a
view illustrating the concentration adjustment unit 70 ac-
cording to Modified Example 2 as seen from the dripping
direction of the catalystink 140A (corresponding to a view
seen from the bottom to the top in Figure 1). Figure 10
is a cross-sectional view along line 10-10 of Figure 9.
Figure 11 is a view for explaining the effect of the con-
centration adjustment unit 70 according to Modified Ex-
ample 2.

[0083] The concentration adjustmentunit70 according
to Modified Example 2 dries the catalystink 140A by mov-
ing air in the periphery of the catalyst ink 140A while
airborne. The amount of solvent in the catalyst ink 140A
is then adjusted and the porosity of the catalyst ink layer
140B is controlled by drying the catalyst ink 140A. Since
the mechanism by which the porosity of the catalyst ink
layer 140B is controlled through the adjustment of the
amount of solvent in the catalyst ink 140A is the same
as the mechanism described in the first embodiment, a
description thereof is omitted here.

[0084] The concentration adjustmentunit70 according
to Modified Example 2 comprises a first drying promoting
plate 71, and a second drying promoting plate 72 provid-
ed facing the first drying promoting plate 71, as illustrated
in Figures 9 and 10. In addition, the concentration ad-
justment unit 70 comprises a first air supply unit 73 at-
tachedtothefirstdrying promoting plate 71, and a second
airsupply unit 74 attached to the second drying promoting
plate 72.

[0085] The first drying promoting plate 71 comprises a
semicircular recess 711, and the second drying promot-
ing plate 72 comprises a semicircular recess 721. The
catalyst ink 140A in drop form flies through the recesses
711,721,
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[0086] The first drying promoting plate 71 and the sec-
ond drying promoting plate 72 are disposed so as to be
slightly misaligned in the left-right direction, as illustrated
in Figure 9.Through such an arrangement, it is possible
to prevent the air that is supplied from the first air supply
unit 73 and the second air supply unit 74 from interfering
with the drying promoting plates 71, 72. Then, as illus-
trated by the arrow in Figure 9, spiraling air (referred to
as swirl air) SA is generated along the recesses 711, 721.
[0087] Five first air supply units 73 are provided along
the dripping direction (vertical direction in Figure 10), and
two are provided in the left-right direction of Figure 9, as
illustrated in Figure 10. The number of first air supply
units 73 to be provided is not particularly limited. The air
supplied from the first air supply unit 73 is preferably
warm air, from the standpoint of promoting drying. The
number of second air supply units 74 to be provided is
preferably the same as the number of first air supply units
73 to be provided.

[0088] Accordingto aconcentration adjustmentunit 70
configured in this manner, swirl air SA is generated along
the recesses 711, 721, as illustrated in Figures 9, 11. A
vortex is generated on the outer perimeter of the catalyst
ink 140A in drop form by this swirl air SA, and drying is
promoted from the outer perimeter of the catalyst ink
140A in drop form.

[0089] In addition, according to this concentration ad-
justment unit 70, since air is circulated on the outer pe-
rimeter of the catalyst ink 140A in drop form, it is possible
to promote drying of the catalyst ink 140A in drop form,
without affecting the discharge speed of the catalyst ink
140A.

[0090] In Modified Example 2, the amount of the cat-
alyst ink 140A to be dried is adjusted according to the
number of the first air supply units 73 and second air
supply units 74, and the temperature of the air supplied
from the first air supply units 73 and the second air supply
units 74.

[0091] Asdescribedabove, inthe method of producing
a membrane catalyst layer assembly 100 provided with
the concentration adjustment unit 70 according to Mod-
ified Example 2, the catalyst ink 140A is dried by moving
airinthe periphery of the catalyst ink 140A while airborne.
Thus, it is possible to easily control the porosity of the
catalyst ink layer 140B. Additionally, since it is possible
to promote drying of the catalyst ink 140A without affect-
ing the discharge speed of the catalyst ink 140A, it is
possible to produce a high-precision membrane catalyst
layer assembly 100.

<Modified Example 3>

[0092] The configuration of the concentration adjust-
ment unit 80 according to Modified Example 3 will be
described with reference to Figures 12-14. Figure 12 is
a view illustrating the concentration adjustment unit 80
according to Modified Example 3. Figure 13 is a view
illustrating a modified example of the concentration ad-
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justment unit 80 according to Modified Example 3. Figure
14 is a view for explaining the effect of the concentration
adjustment unit 80 according to Modified Example 3.
[0093] The concentration adjustmentunit80 according
to Modified Example 3 dries the catalystink 140A by mov-
ing air in the periphery of the catalyst ink 140A while
airborne, in the same manner as the concentration ad-
justment unit 70 according to Modified Example 2. The
amount of solventin the catalystink 140Ais then adjusted
and the porosity of the catalystink layer 140B is controlled
by drying the catalyst ink 140A.

[0094] The concentration adjustmentunit80 according
to Modified Example 3 comprises a pair of drying pro-
moting plates 81, as illustrated in Figure 12. In addition,
the concentration adjustment unit 80 comprises injection
nozzles 82 that supply air to side surfaces 81S of the
drying promoting plates 81, on the sides where the drop-
lets of the catalyst ink 140A pass, in the dripping direction
(direction from the top to the bottom in Figure 12). In
addition, the concentration adjustment unit 80 comprises
compressors 83 forinjecting air from the injection nozzles
82.

[0095] The pair of drying promoting plates 81 are pro-
vided so as to face each other.

[0096] The injection nozzles 82 inject air toward the
side surfaces 818 of the drying promoting plates 81 from
the upper side toward the lower side in Figure 12.
[0097] The direction in which the air of the injection
nozzles 82 is injected may be from the lower side to the
upper side, as illustrated in Figure 13.

[0098] According to the concentration adjustment unit
80 configured in this manner, air is injected from the in-
jection nozzles 82 to the drying promoting plates 81 to
generate a jet flow J in the vicinity of side surfaces 81S,
to thereby draw the air in the periphery of the catalyst ink
140A in drop form downward, as illustrated in Figure 14
(refer to arrow A). As a result, drying is promoted from
the outer perimeter portion of the catalyst ink 140A (refer
to arrow B).

[0099] In addition, according to this concentration ad-
justment unit 80, since air does not directly bombard the
catalyst ink 140A in drop form, it is possible to promote
the drying of the catalyst ink 140A in drop form without
affecting the discharge speed of the catalyst ink 140A.
Therefore, itis possible to produce a high-precision mem-
brane catalyst layer assembly 100.

<Second Embodiment

[0100] The device 2 and method for producing the
membrane catalyst layer assembly 200 according to the
second embodiment will now be described.

[0101] First, the membrane catalyst layer assembly
200 according to the second embodiment will be de-
scribed with reference to Figures 15-17. Figure 15 is a
view illustrating the membrane catalyst layer assembly
200 according to the second embodiment. Figure 16 is
a graph illustrating the relationship between the porosity



17 EP 3 346 529 A1 18

and the thickness of the cathode side catalyst layer 220.
Figure 17 is a graph illustrating the relationship between
the solid content concentration and the thickness of the
cathode side catalyst layer 220.

[0102] The membrane catalystlayer assembly 200 ac-
cording to the second embodiment comprises an elec-
trolyte membrane 110, a cathode side catalyst layer 220
formed on one surface of the electrolyte membrane 110,
and an anode side catalyst layer 230 formed on the other
surface of the electrolyte membrane 110, as illustrated
in Figure 15.

[0103] The cathode side catalyst layer 220 comprises
a first layer 221, a second layer 222, and a third layer
223. In the cathode side catalyst layer 220, the first layer
221 is formed with the greatest porosity, and the third
layer 223 is formed with the least porosity, as illustrated
in Figure 16. In addition, in the cathode side catalyst layer
220, the first layer 221 is formed with the lowest solid
content concentration, and the third layer 223 is formed
with the highest solid content concentration, as illustrated
in Figure 17.

[0104] Accordingtothe cathode side catalystlayer 220
configured in this manner, since the porosity of the first
layer 221 is high, it is possible to improve the drainage
of water generated by the cathode reaction. Furthermore,
since the porosity of thefirstlayer 221 is high, itis possible
to reduce the pressure loss in the first layer 221, and to
favorably supply oxygen gas necessary for the cathode
reaction to the electrolyte membrane 110.

[0105] The anode side catalyst layer 230 comprises a
first layer 231, a second layer 232, and a third layer 233.
In the anode side catalyst layer 230, the first layer 231
is formed with the least porosity, and the third layer 233
is formed with the greatest porosity. In addition, in the
anode side catalystlayer 230, the first layer 231 is formed
with the highest solid content concentration, and the third
layer 233 is formed with the lowest solid content concen-
tration.

[0106] According to the anode side catalyst layer 230
configured in this manner, since the porosity of the third
layer 233 is high, it is possible to improve the supply
property of water to the electrolyte membrane 110.
[0107] From the standpoint of improving the supply
property of hydrogen gas, it is preferable to increase the
porosity of the first layer 231, in the same manner as the
cathode side catalyst layer 220.

[0108] The production device 2 for the membrane cat-
alyst layer assembly 200 according to the second em-
bodiment will now be described with reference to Figure
18.

[0109] Figure 18 is a schematic view illustrating the
membrane catalyst layer assembly production device 2
according to the second embodiment.

[0110] The production device 2 of the membrane cat-
alyst layer assembly 200 according to the second em-
bodiment comprises an ink tank 10, an ejection unit 20,
an adjustment unit 30, and a control unit 15, in the same
manner as the production device 1 for the membrane
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catalystlayer assembly 100 according to the first embod-
iment. For the sake of clarity, these configurations have
been omitted in Figure 18. The production device 2 for
the membrane catalyst layer assembly 200 according to
the second embodiment further comprises a detection
unit 300 for detecting surface shape irregularities of the
first catalyst ink layer 221 B, as illustrated in Figure 18.

[0111] The detection unit 300 is, for example, a laser
displacement meter. However, the detection unit 300 is
not particularly limited as long as a function to detect
surface shape irregularities is provided thereto. The sur-
face shape irregularities data of the first catalyst ink layer
221B detected by the detection unit 300 are transmitted
to the control unit 15.

[0112] Next, the production method for the membrane
catalystlayer assembly 200 according to the second em-
bodiment will be described with reference to Figures 19
and 20.

[0113] Figure 19 is a flowchart illustrating the produc-
tion method for the membrane catalyst layer assembly
200 according to the second embodiment. Here, the
method of forming the cathode side catalyst layer 220 on
the electrolyte membrane 110 will be described. Figure
20 is a flowchart illustrating Step S12.

[0114] Ingeneral,inthe method of producing the mem-
brane catalyst layer assembly 200 according to the sec-
ond embodiment, a first catalyst ink layer 221B having a
first porosity is formed on the electrolyte membrane 110
by adjusting the amount of solventin the catalystink 140A
indrop form prior toimpact with the electrolyte membrane
110. Then, by adjusting the amount of solvent in the cat-
alyst ink 140A in drop form prior to impact with the first
catalyst ink layer 221B, a second catalyst ink layer 222B
having a second porosity, which is different from the first
porosity, is formed on the first catalyst ink layer 221B.
The first catalyst ink layer 221B forms the first layer 221
of the cathode side catalyst layer 220 by being dried, and
the second catalystink layer 222B forms the second layer
222 of the cathode side catalyst layer 220 by being dried.
The details are described below.

[0115] The method of producing the membrane cata-
lyst layer assembly 200 according to the second embod-
iment is the same as the method of producing the mem-
brane catalyst layer assembly 100 according to the first
embodiment up to the point where the catalyst ink 140A
makes impact with the electrolyte membrane 110 to form
a catalyst ink layer (S11-S15). In Step S12 illustrated in
Figure 20, the pressure of the pump 41, the frequency f
of the oscillator 42, and the amount of heat of the con-
centration adjustment unit 50 are determined such that
the first catalyst ink layer 221B will have the first porosity.
In addition, in the second embodiment, the catalyst ink
layer formed on the electrolyte membrane 110 is referred
to as the first catalyst ink layer 221B.

[0116] After the first catalyst ink layer 221B is formed
on the electrolyte membrane 110, the irregularities of the
surface of the first catalyst ink layer 221B are detected
by the detection unit 300 (S16).
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[0117] Next, it is determined whether or not a prede-
termined number of catalyst ink layers have been formed
(817). In the present embodiment, the cathode side cat-
alyst layer 220 comprises three layers, 221, 222, 223;
therefore, it is determined whether or not three catalyst
ink layers have been formed.

[0118] |If it is determined that the predetermined
number of catalyst ink layers have not been formed (S17:
NO), the process returns to Step S12. Then, the pressure
of the pump 41, the frequency f of the oscillator 42, and
the amount of heat of the concentration adjustment unit
50 are determined such that the second catalyst ink layer
222B will have the second porosity. It is preferable to
control the discharge amount of the catalyst ink 140A
forming the second catalyst ink layer 222B such that the
surface shape irregularities of the second catalyst ink
layer 222B become more moderate relative to the irreg-
ularities of the first catalyst ink layer 221B detected in
Step S16.

[0119] Then the steps described above are repeated
until three catalystink layers are formed on the electrolyte
membrane 110.

[0120] Then, ifit is determined that the predetermined
number of catalyst ink layers have been formed (S17:
YES), the cathode side catalyst layer 220 is formed by
drying the catalyst ink layers (S18).

[0121] Since the method of forming the anode side cat-
alyst layer 230 is substantially the same as the method
of forming the cathode side catalyst layer 220, the de-
scription thereof is omitted.

[0122] With the steps described above, the membrane
catalystlayer assembly 200 according to the second em-
bodiment is produced.

[0123] As described above, according to the method
and production device 2 for the membrane catalyst layer
assembly 200 according to the second embodiment, it is
possible to provide a membrane catalyst layer assembly
200 comprising a cathode side catalyst layer 220 having
different desired porosities in the lamination direction.
[0124] In addition, the surface shape irregularities of
the first catalyst ink layer 221B are detected. The dis-
charge amount of the catalyst ink 140A forming the sec-
ond catalyst ink layer 222B is then adjusted such that the
surface shape irregularities of the second catalyst ink
layer 222B become more moderate relative to the de-
tected irregularities of the first catalyst ink layer 221B.
Accordingly, it is possible to further flatten the surface of
the cathode side catalyst layer 220 and to suitably ar-
range the gas diffusion layer.

[0125] In addition, as described above, the membrane
catalyst layer assembly 200 according to the second in-
vention is a membrane catalyst layer assembly 200 in
which a cathode side catalyst layer 220 is formed on one
surface of an electrolyte membrane 110 for a fuel cell,
and an anode side catalyst layer 230 is formed on the
other surface of the electrolyte membrane 110. The cath-
ode side catalyst layer 220 and the anode side catalyst
layer 230 are formed by the lamination of a plurality of
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layers having mutually different porosities. Accordingly,
it is possible to provide a membrane catalyst layer as-
sembly 200 comprising catalyst layers 220, 230 having
different desired porosities in the lamination direction.
[0126] The present invention is not limited to the em-
bodiment described above, and various modifications
are possible within the scope of the claims.

[0127] In the first embodiment described above, the
porosity of the catalyst ink layer 140B is adjusted by the
volume adjustment unit 40 and the concentration adjust-
ment unit 50. However, the porosity of the catalyst ink
layer 140B may be adjusted by one of the volume ad-
justment unit 40 and the concentration adjustment unit
50.

[0128] In addition, in the first embodiment described
above, the volume adjustment unit 40 changes the drop-
let volume of the catalyst ink 140A by adjusting the fre-
quency f and the flow rate V at the time of discharge of
the catalyst ink 140A. However, the droplet volume of
the catalyst ink 140A may be changed by adjusting one
of the frequency f and the flow rate V at the time of dis-
charge of the catalyst ink 140A.

Descriptions of the Reference Symbols

[0129]

1,2 Membrane catalyst layer assembly
production device,

15 Control unit,

20 Ejection unit,

30 Adjustment unit,

40 Volume adjustment unit,

50, 60, 70,80 Concentration adjustment unit,

100, 200 Membrane catalyst layer assembly,

110 Electrolyte membrane,

220 Cathode side catalyst layer,

230 Anode side catalyst layer,

140 Catalyst layer,

140A Catalyst ink,

140B Catalyst ink layer,

221B First catalyst ink layer,

222B Second catalyst ink layer

330 Detection unit

f Frequency at time of discharge of cat-
alyst ink

\Y, Flow rate at time of discharge of cata-
lyst ink

Claims

1. A membrane catalyst layer assembly production
method for producing a membrane catalyst layer as-
sembly by discharging catalyst ink having a solvent
and a solid component onto an electrolyte mem-
brane, comprising:
controlling a porosity of a catalyst ink layer that is
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formed by the catalyst ink making impact with the
electrolyte membrane by adjusting an amount of sol-
vent in the catalyst ink in drop form prior to impact
with the electrolyte membrane.

The membrane catalyst layer assembly production
method as recited in claim 1, wherein the solid con-
tent concentration of the catalyst ink is changed by
adjusting the amount of solvent in the catalyst ink by
drying the catalyst ink while airborne.

The membrane catalyst layer assembly production
method as recited in claim 2, wherein the catalyst
ink is dried by applying heat to the catalyst ink while
airborne.

The membrane catalyst layer assembly production
method as recited in claim 2, wherein the catalyst
ink is dried by moving air in a periphery of the catalyst
ink while airborne.

The membrane catalyst layer assembly production
method as recited in any one of claims 1to 4, wherein
the catalyst ink is discharged by an inkjet method,
and

the amount of solvent in the catalyst ink is adjusted
by adjusting at least one of a frequency and a flow
rate ata time of discharging the catalystink to change
a droplet volume of the catalyst ink.

The membrane catalyst layer assembly production
method as recited in any one of claims 1to 5, wherein
a first catalyst ink layer having a first porosity is
formed on the electrolyte membrane by adjusting the
amount of solvent in the catalyst ink in drop form
prior to impact with the electrolyte membrane, and
asecond catalyst ink layer having a second porosity,
which is different from the first porosity, is formed on
the first catalyst ink layer by adjusting the amount of
solventin the catalystink in drop form prior to impact
with the first catalyst ink layer.

The membrane catalyst layer assembly production
method as recited in claim 6, comprising detecting
surface shape irregularities of the first catalyst ink
layer, and

adjusting the discharge amount of the catalyst ink
forming the second catalyst ink layer such that the
surface shape irregularities of the second catalyst
ink layer become more moderate relative to detected
irregularities of the first catalyst ink layer.

A membrane catalyst layer assembly production de-
vice for producing a membrane catalystlayer assem-
bly by discharging catalyst ink having a solvent and
a solid component onto an electrolyte membrane,
comprising:

an adjustment unit that controls a porosity of a cat-
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alyst ink layer that is formed by the catalyst ink mak-
ing impact with the electrolyte membrane by adjust-
ing an amount of the solvent in the catalyst ink in
drop form prior to impact with the electrolyte mem-
brane.

The membrane catalyst layer assembly production
device as recited in claim 8, wherein the adjustment
unit comprises a concentration adjustment unit that
changes a solid content concentration of the catalyst
ink by adjusting the amount of solvent in the catalyst
ink by drying the catalyst ink while airborne.

The membrane catalyst layer assembly production
device as recited in claim 9, wherein the concentra-
tion adjustment unit dries the catalyst ink by applying
heat to the catalyst ink while airborne.

The membrane catalyst layer assembly production
device as recited in claim 9, wherein the concentra-
tion adjustment unit dries the catalyst ink by moving
air in a periphery of the catalyst ink while airborne.

The membrane catalyst layer assembly production
device asrecitedinanyone of claims 8to 11, wherein
the catalyst ink is discharged by an inkjet method,
and

the adjustment unit comprises a volume adjustment
unit that adjusts the amount of solvent in the catalyst
ink by adjusting at least one of a frequency and a
flow rate at a time of discharging the catalyst ink to
change a droplet volume of the catalyst ink.

The membrane catalyst layer assembly production
device as recited in any one of claims 8 to 12, further
comprising

a control unit configured to control the adjustment
unit,

a first catalyst ink layer having a first porosity is
formed on the electrolyte membrane by adjusting the
amount of solvent in the catalyst ink in drop form
prior to impact with the electrolyte membrane, and
a second catalyst ink layer having a second porosity,
which is different from the first porosity, is formed on
the first catalyst ink layer by adjusting the amount of
solventin the catalyst ink in drop form prior to impact
with the first catalyst ink layer.

The membrane catalyst layer assembly production
device as recited in claim 13, further comprising

a detection unit for detecting surface shape irregu-
larities of the first catalyst ink layer, wherein

the control unit adjusts the discharge amount of the
catalyst ink forming the second catalyst ink layer
such that the surface shape irregularities of the sec-
ond catalyst ink layer become more moderate rela-
tive to the irregularities of the first catalyst ink layer
detected by the detection unit.
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15. Amembrane catalystlayer assembly in which a cath-
ode side catalyst layer is formed on one surface of
an electrolyte membrane for afuel cell, and ananode
side catalyst layer is formed on the other surface of
the electrolyte membrane, comprising: 5
at least one catalyst layer from among the cathode
side catalyst layer and the anode side catalyst layer
is formed by laminating a plurality of layers having

mutually different porosities.
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[FIG. 1]
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[FIG. 2]
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[FIG. 3]
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[FIG. 4]
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[FIG. 5]
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[FIG. 6]
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[FIG. 7]
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[FIG. 8]
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[FIG. 11]
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[FIG. 12]
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[FIG. 14]
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[FIG. 19]
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